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Strong Coupling Effects in the BCS-BEC Crossover Regime of a Rare-earth Fermi Gas with 
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Thesis Summary 
 
In this thesis, I theoretically investigate normal-state properties of an ultracold rare-earth 
Fermi gas with an orbital Feshbach resonance (OFR). Recently, OFR has been observed in a 
173Yb Fermi gas.  Including the two-band character of this system, as well as pairing 
fluctuations caused by a tunable pairing interaction associated with OFR within the 
framework of a T-matrix approximation, I clarify strong-coupling corrections to 
single-particle excitations in the BCS (Bardeen-Cooper-Schrieffer)-BEC (Bose-Einstein 
condensation) crossover region. 
 
After an introduction of cold Fermi gas physics, I present our formulation. For a model 
two-band Fermi gas, I first include pairing fluctuations within a standard T-matrix 
approximation. Effects of an experimentally inaccessible deep bound state are then removed 
from the theory, in order to correctly describe a 173Yb Fermi gas with OFR.  
 
Using this amended strong-coupling T-matrix approximation, I evaluate the single-particle 
density of states, as well as the single-particle spectral weight, in the normal state near the 
superfluid phase transition temperature Tc. In the open channel, these quantities are shown to 
exhibit the pseudogap phenomenon in the crossover region. On the other hand, such a 
many-body phenomenon does not occur in the closed channel, due to the presence of a band 
gap between this channel and the open channel. In the closed channel, instead, strong pairing 
fluctuations induce non-vanishing intensity in the negative energy region of these 
single-particle quantities.  
 
I also examine the photoemission spectrum, which is observable in cold Fermi gas physics. 
When the system is spatially uniform, I show that the above-mentioned strong-coupling 
phenomena can be observed by the photoemission-type experiment. In the presence of a 
harmonic potential, on the other hand, treating this trapped geometry in the local density 
approximation, I clarify that the detailed pseudogap structure in the open channel is smeared 
out by the spatial inhomogeneity. However, strong-coupling corrections to single-particle 
excitations can still be seen in both the open and closed channels as the appearance of the 
photoemission-spectral intensity in the negative energy region.  
 
